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1- fl^ "IIS. 51 ^>2] ^^^o] 7flAl^cH olcf. 7] # ^ofl 0 N0^ 

2:# -a-^eV 7^}^ ^11€S1^ sfl^-a: 

n ^-7] -^-^51- ufl^-l: ^^-tb ^ ^112#B]^- nflBl-g: °}^<£ n>^a.S. ^ -§-£]- 

°1^M1 = 3.^3] £-§;-§- ^7>A]^ MuV 6^5} ^sflol cgajo} ir^^s 
JE 3 
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1^1] 

1- $\1k A 3 v\)3LZ] ^ ^{Method of forming non-volatile memory device} 

£ 1^ ^efl^l ^- fl*Md °\}S-?1 4i^>^ S0N0S H ^Er^ 

S. 2a ^] 2f^ ^efl^ 1- ^\SL^ i*V^ ^-g.^ ^ S0N0S *H3. 

£ 3£- *Qr*$2\ 1- fl^ d^s} S0N0S ^ 

£ 4a ifl*] £ 41^8: <y ^ofl^ 1- flwv^ ^3 ix}Sl ^ 

^ S0N0S ^^7] ^ c+^£#ol4. 

100 : til^^l 71^- 101 : ^-^ sflU 

102 : TIME A>S|-nv 104a . a>^.^ sfl^ 

106a : ^ll^S^- sflU 108a : ^ 
110 : -B-^^i- 120 : *Hl^^ 

130a: oflHl 130b : 

135 : ^sRo]^ uo : *fl2i£efl*l^.e sfl^ 

36-5 
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150 : ^l3iSefl^]^E sflEi 160 : ^4i£2flxliE ^ 
170 : X|5iJE.3l*liH 180 : *)l6^£efl*l^M. sflei 

<14> 1 I nflS-^ ^^tiV^ofl ^ 5Jo.^ ( iLq- ^i^i^ ^ 

S0N0S iE^ M0N0S *HS.B| ^^^ofl ^ 3l 0 14. 

<15> oVJE^I oflS.^ 4:7]-^- DRAM(dynamic random access memory) ^ SRAM(static random 

access memory)^ ^-o] X\#o] ^^-ofl nj-e]. cflo]^* 9^*1^ (volat i le) 

i^Sf ^13* <]m*}^ ZL #Efl# -fr*)^ ^ I" nflS.^ 3.7]} 

^ SI**. 

<ie> oje^ «- Dflsel i*}^ 3.4=-o_3_ ^7l^ ^7l7> 7>^*r EEPROM^l *]5L^ 

sj-^&I icJ=*>«y (Fowler- Nordheim; "F-N"ol&h ^4) ^ ^ ^ (tunnel ing) 

1*l* r (hot electron)!- °l-g-*f^ x^7}^SLS. ^)o]b\$] <y. #^1; *)H^}^ ^2:* 

<17> =L?)3-, <£^<£ ^ flt^ Dfl-E.e]Sl SSZL^ TflolEofl o] 7 >s] 

°<Kpositive)£] ^«g-o] #3.*g-7lMm°fl ^^^^o] F-N (tunneling) HL^ 

^(hot-carrier injectionH ^«fl 7l^°_^^Ei ^^l-o] e]^ aVsJ-^vo. ^ 

^-71 #5.^ TflojE ^ s 5LsJ( capture) 3^- tB}. ojsf alcfls, ^ 

(erase) ?H§ TflolEofl o] 7 >^ -g-(negat ive)^ #<#o)] ^ 
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71 ^(coupling ratio)^ *H , #7l 7]#^ 711^7} ^#3] 4*s. 

<18> «ufl t -^^7l# 1- ^(NVM : Nonvolatile Semiconductor 

Memories)7l#-^ 3.7\] Tflo] e (Float ing Gate)l- 5L^>^ ^S.^ 7\) °1 M. 1>£^1 

311*1- ¥ -fr^^l 2^, ^ 3^A^L MISCMetal Insulator 

Semiconductor; °1*}"MIS"2t ) Tlj^S nf^^^r. 

<i 9 > Aj-71 -^tg TjjolE ^31^ ^(Potential Well)^ °l-g-*H 7l^^ 

^H3* n 1 -^}*), ^ #2fl^l EEPR0M(Electrically Erasable Programmable Read Only 
Memory)^.^. 7>^V ^5} -§--§-^^1 9X^ ET0X(EPR0M Tunnel Oxide) ^£7} rflS^^ 

<20> til^oll, MIS 7fl<i^ -n-^Sf 13 =L, -fr^-fr*!^ 7j|<S ^ o.^nV_aV_ £ j Hl Tfl^ ^ 

*fl*Rr ^(trap)^ ol-g-*>^ 71^ ^«f-nj, ^7fl #BflA] EEPROM^-5. ^3. -§- 

-8-sl JL 9X^ M0N0S/S0N0S(Metal/silicon Oxide-Nitride-Oxide Semiconductor )^ 2i 7} cfl 
&*\o) dflolcl-. 

<22> E i£. ^eflol ^- flwv^ Dflsel i7fo] S0N0S ^lS.sl iS ^r^f M-b^tt 
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<23> #7] c loll S0N Q S nfl 2. 3 ^ TflojE *l^-,£- 7l^-(10)^°ll 

^#(20)^ ?iEf TflojE-g- #^)5|(22)ol ^#5} ^2:1- ZL^Jl, ^-71 7]}o] 

— *fl^Rr <£5i*)l 7l#(l0)s] S^Itt ^5.^/^eflo] (12a, 12b) 

<24> <^7H, a o v 71 -^-^^(20)^ ^l^sV(14), ^5|-HV(i6) ^ t^VSKK 18)^ 

°-S. 3^ 0N0(0xide-Nitride0-0xide)^£-I- ^Hfrtf. >£7l ^UW^KU)^ 
Sj-^-O-S ^l-g-^ji, ^2^2l-^-(16)^r 1-^-^ A J^s|^ 

<25> ^-71^ ^-g- S0N0S ^S-E] #0} ^2:^ <=^ ^2.51 3.7] 

1- ^Ml ^ 9X$r #3* 7}X)JL 91 <L^, ^7} TflojE ^o] 1gs$Q 7 ] jg.^ ^ 
<3^C51AlSV*l ^)ofl^ ONO^-Sl- -fi-*i^(20H ^^0>}7] nfl-g-ofl 3^7} 2] 
^(Threshold Voltage; Vth) ^ #-f|-7> ^7}z\^ $X^. 3E*h 
^7}-^ ^H^H ^(Incomplete Erase)7> ^ %M , c-flolEi^ -fr 

(Endurance) ©1 1s}-€ ^ ^HflW. 
<26> ^-71 3^ S0N0S2] ^-^1^* sfl^M fl^ 5fe SONOS ifle] ifi°l ^ 

^fl-Hj-^ 2000-20 11 15 Jl ^1 7flAl5lc>| o)J7 ) ^E-g. TflolJE ^ofl -a-^DVol ^-Jf^o.^. 
^fl^Kr ^# SONOS i|ol nl^M^ 056,011,725011 7^\X\^o] 

<27> 2 2a tfl^l £ 2ffe ^Eflsl l-fl^ ofls.51 ^7>oi SONOS "fl 

2- 3 M-^xfl^ ^ ^£«lc}. 



36-8 



1020030011309 #^ ^7}: 2003/3/12 

<28> 5. 2a ^ £ 2b« , 7)^(50) #ofl ^U#^K0xide;54)/;|J5K v 

(nitride;56)/^l2#5^(0xide;56)<>l 0N0 -R-^ sflli 

(60)^8: # 7 j 4^(60)^ ^ °1l5Le| ^xfl- j= ^(trap)^ 

^ ^IM: ^4. ^3^, #7l -B-^^i- 3ij]Ei (60)^1 71^(50) ^Hl -£<iJ*V 

££r #HW70)-§: 

<29> 51 2c ^ 51 2d# %!-S*>^, #7] #51^(70) #°fl 7flo| e 

#3^(70)^- ■QSLsLV] #7l 2fl^i(60)^ ^<3<*# ±^*\?]31, i 

^-S* t^ D -| ^^(70a)^ ^^W. o^H, # 7 1 ^^sv sfli^ ^ 

<30> ZL^Jl, ^ZH-^M- ^7]*V #7l 3fl ( 70a ) -fr o}^£l5L ^ -§- 

*H A oM -fi-^S}- Hfl El ( 60)^1 ^ti*>^r 7)3£°) o>efl r^jo] cg^ofl «fl^^ 7 ] 

^ ^sfls. o)^ ^oi^-o.^^ iii/£el^J <^(52a,52b)^r ^ 

<31> o}^ > f§^^ Mi <3^(52a)£: #71 -fi-^ 4^(60)* -HS}^ °l£r ^ 

2:3*HM ^^517] nfl^ofl ol£. ^oj^^ #5LJE7> ^Tll(broad)^ 

<32> £ 2e ^ S. 2f» #7]^ ^ 71^(100) #°fl Tflo] 

— ^*H°H-&- €^-^(72)^r ^^*vcf. nsjji, #7l ^^ol^-g- 

^5}- ^-(72)oll <H1*1«JJ tlfA£^| ^2:* 3fl^(70a)^ 

^l 1 ?}- ^flsHr ^S}-ni- ^o|A^(72a)7> ^#^cf. <*)7lAi, #71 Tflole o] ^ (72a)# 
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*§^7] °fl*l^ ^*1 #7] -B-^BV ^€(60)* £-BW^°> ^r>7l nfl^-ofl ^7) EL 

eflSl <8^(32b)ofl sfl^Rr 7l^ro] ij-Aizj-^cf. ojs. ojsfl, aj- 7 | t= efl o] <3<3(32b)<>l| «j) 

<33> oi^ofl, a o v 7 ] o]e i3floiA^(72a)7> #e)^v 3fl^(70)# °l£:^<g 

3. ^-g-«V^ ofl a] i^-i/^efl^] <g^(32a,32b)°l 7l#<2] 

(54a, 54b) o) ^^t}. 

<34> ZL^q-, ^"71 ^ i-f-^ ^-S* ^ SONOS >g£. 4 v 7l 

^ *DS.iM 4l7>o] ip^^s.7> tiV5L^ i^o] A]S]^ o. 7]^ ^ 

[Sj-tgoj ol^j77> 75}^ 7]^ 3}-^] 
<35> £ ^ll^-^^r * v\)5L^ ^}2] ^-^o)^. o] -§-*]- 

S5LZL^ JL^:^ ^a]^ ^ oi^ 3^ nfla^ ^7>S] ^^-g- ^]^s> 

mi sm. 

<36> -g- ^"^Sl ^12^-^^ # flt^ oflSLal i7}fi] jL-i-^l ^7> ^ rt^^/iEL 

efl^l <3<2H1 §11^1-^ 71^ a^l^-0.5.^1 ^rii^ff-!- 9Xxt ^ 3 

^12-Sl ^7>S] ^°o^# SZcf. 
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^ ^ 3-§-] 

<37> ^l-EH-g- ^^>7l £ ^^^r, 

<38> 71^- ^ofl ONO^-S* £fe -S-^ Sfl^^; >g-7l 71^- ^Ml aV 7 ] o.^^- jjJ) ^ 

*1 #7] -fr^ SflBi^ ^^o. 7|J7, ^#^=1 ^ ^12#B1^ 

. ZL&lJl, ^-71 ^2#BlB| 3)m-g; o]^ol n>^ 3S ^-g-^c^ 7 | ^ 

^7>^ &tf. 
<39> <^7H, # 7 | ^ ^|wv^ nil JiL ^ ^ S0N0S *fl£.5) ^-g- 14 

<40> Pc^, a o V 7 ] ^2-=-^ ^*>7] £r ^^r, 

<4i> n}^, 71^: -^-ofl £~ -R-^ sflli^: * #7l -fi-^ Bfl^ofl o) 

Bj^ ^^ll- ^ ^7l ^1#S]^ sflEl^. ^1^1^-^S.^l s$7] ±_ 

3*3^ ^*)-7}jl, ^l2#el^- sfl^i-gr ^ , ^71 A]2 

1-51 ^ sfllicHl A oM -fr^ 5fl€* *ll2^ 3.*! n^l* ^ 
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€ 7) a}- Si ^fHflS ^liol^- ^*Vo_;-*} 5^4^ £fe oflal 

* ^-BlJl, #71 ^}A 3S *j-g-^ a)lWl i^-— / — 

efl<?] ^^ol ^#4g 71^;^ ^ o>Efl^. afl2°l£: ^th^*) ±.7} 9] 

SSZL^ jL-ir-8- ^7>Al7l^ ^a|aj LDD 3fe ^^.i/ELeflo] cgc* o. 

*§>3*Rr #7fl» i^Rr £ n|lSBl ^7>^1 ^^Rrdl &nf. 

<42> <^7H ; AV 7 ] «. 3^ oflS-el ^7Rr ^» S0N0S ^1S-&1 ifl# q- 

Hl-Hfi^-. 

<43> -S- ^r^oll Sl^ig, ^7># M^Hr 0N0 -fr*l^g- ^Zj-^j: ^ ^<*^r 

°l-gr^^ ^*14. °1 3 *1 «o V ^^S i^.^ <3^£r sfl 

1H ^sfl i^#Sl^ -fh*l^ 2)1^^ -8-Al-*V AJ^^. 5 .V J1) ^3]^ iS^^I- £7} 

^2fl^l ^-^11^0.5. ^fl^^ 7 a V^S. J^*] C_ S ^ olcf. 5£ 

th Tfl ojE ^1°H ^sfl^] ^^^1 sfl^Rr 7l^ si ^-g. « 0 v^l^-o.^^ 

1- nflSsl ^7>5l Jl^^AS. « c M % V ^ ^Cf. 

<44> ol^ > J=^^- ^a^H ^ ^.o. Aj-^l ^^^r>7lS fit}. 

<45> £ 3£r ^ oils. El ^7>21 ^ S0N0S ^lS-el H^l 

<46> 5L 3# #3:^, ^Sl^ 71^; STI dl7s>^-Sl°l- 5flEH# i^- 

«]-£^l 7j3£-g; n>^*Vcf.(S100) 
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<47> o)o]*\ t av £ ^l 7 ]# #o|) ^l^>5l-^-(0xide)/^^-^-(nitride)/^l2'a:3]-^ 

(Oxide) °1 0N0 f2t ^^W.(SllO) °)7}*\ ^7) 

*M4k*W, ^ *ll 2#s\- ^ 30 vfl^l 90 A ^^^Jl, h>^*> 

711 40 ifl^l 70 A 21 ^11- #5.-1=- 

<48> °1°H, ^7) -H-^i^ #ofl ^IIS^^ae ^ °1# 

3-8-«H ^"71 -fi-^-t- sfl^^ ^SLS.tq ^ 3^ 1H12.E) ^2} ^^># M^(trap)s>^ 
-B-^bv Sfl^-g. ^^*Vcf.(si20) 

^ V Sfl^^ o]*fl a>2}-a)^ Tflol^ AVSj-nV^. fg^ (S130) 

<50> # 7 J -B-^nV Sfl^ ^ 7flo]M ^nVol 3^ ^^ll 7]& #°fl # 

^W.(SUO) <^7H, ^-71 #em^r 7-1 oj. W 7 ]a o v ^zj-(LPCVD) ^ 
21*11 ^ 1200 ^i\7] 1800 A 21 *g^s)31, 14^*1- 711^ ^ 1500 A 2) ^ 

<51> 0)0^, A o V 7 ] i^n}- Aj-ofl ^Ef TflolE fgjg Cg <^ O. ^ O) ^ 

^ 7 -! D ^3t ^ ^n}^^ t#3^ sflEi^ #7] -B- 

^W.(S150) -^71^, #7] 211 El ^ 1- nflse) i3 

21 THolEofl sfl^t!:^. 

<52> ojo^, Aj-7] Al^V^a.* ^ #7l -ft-^ SflBlofl Sfl^}^ ti_l£^l 71^- 

ic#A]7l^ ^l2i£ell^l^E ^id-i- ^-7} sflH^g- 
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i3i A oM -fj-^*}- sfl€^- €S ^ sl- Sl( Self -align) ^-2-5. 

^z^4.(S160) 

<53> o]nfl ( ^-yl -B-^L^" Sfl^^r >SM sfl^ofl ^ Sfl ^.#5}^ *U#3j-^ ^ £ 

<54> AV 7 |^ £o] -a-^nV ^J^n^a. ^T^Rr oj {) ^^1^ g 

£>£^ « 0 vxi§>^ h^^o] ^^-ozf ii) ^-71 3flBHl i^oj^l- tg^jq. 

TO °fi ^Sfl^ Sfl^Kr *>£^1 71^ SUf^A^L « 0 M^- ^ $171 ufl-g- 

ofl *HS-S] ±7} 9] ^=-^^9] <^7\] ^ ^7\2] ^ ^71 nfl^-olcf. 

<55> o]6]X\ > ^7) ^l2I£5ll^liE ^El ^ ^£|tq. jfl^ o]£-^ d}a 3S ^ 

^•71 ^ll-a-^^ 3xfl^o] ^fls>^ tiV£^ 7l^ <^>HflS. 5^ 1-^1"* *fll°l£r 

^t^h(Sl70) 

■& ^*Kr ^r^^7l nfl^^l ^gfl t^cf v££- oflui*j *>6j|^ 0]^^^^ 

<>1 *r*8£tK ^"71 oj^oi^L^^ c^uixl 3 xfl^l 15KeV°li}. 

<57> o]^ t ^_ ^-^o^ o^jy] Sfl^ofl o}^ ^s]^ o.^nV ^ 

cgo^ o_A}*V ^a.^. £-71 n^ofl ^Sflo] ^-^l^O.^ *j 



36-14 



1020030011309 %^ <^^>: 2003/3/12 

n ^#3^ J»fl!H ^£ *fl2>£3^£- -*7l ol^<y^.^Al ^iT^a^. 

Ol eg^o] ^113£S^]^±E sfl^^. ^A^^J-Cf. HelJl, ^- 7 1 

^l3iE£efl^l^M sfl^^: oj-^^oi p>^ as . ^-g-^ji, #7l ^l3i££^liE sfl^ofl 
o.S.^1 ^it 1- ^12- el -fi^l oflnl ojo*-^ ^^*Vcf.(S180) 

<59> Ol^^, ofl^l AE^^A 3-8-«H ^-71 ^31£5fl^|iE sfl^ jSr. ^- 7 | 

^ ^4«°1 ^-£^1 71^- -y-oll TflojE i^olA^-g- ^^(SiN)* 

tq-.(S190) ^-71 x\<$ sH* 7)^ ^3V(LPCVD) «o v ^<Hl ^1«H ^ 500 ^] 

1000 A^l ^)5L ^5U, H-B^sj-Tim 700 A^l Jf.*j|s ^^t}-. 

^» 7llolM«Hl Sfl^Hr #e)B| s^g] ^ujofl ^2}-dv ^oH-i. 

^W-.(S200) 

<61> ^7} 711 o]E i*l]°H7> #Sl^ Sfl^i* °l£r^«y 4i31 ^-g-^> 

cgo^o] ^^^cf.(S210) o^H, A o v 7l ^l3ol^<a^-^^ 20 *4l*l 50 KeVS} 
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<62> «>Sf ^o] ^A^ «. fl^ °n-2-^ ^ ^-71 0N0 ^2:^ -ft^^l ^1^1- 

TjjolE s>Jf ^^-^^oijn} ^fls|--b S0N0S M0N0SS] f£f £fe 7fl o]e ^ 

<63> ZL^JL, #7) S0N0S 5E^r MONOS^ TflojEO] <*) erf o. o_ 

^nV^ Oju.;*^ AlZ^*V * ^2fl Jitf ^ ol^oloflui^l- ^-g-^H ^ ^ 7l uH^oH 
TflolM ^ofl *fl^°§^ ^ tg^sj + 015141=- sr^o^ £ 

fet*. SE^V, 7ilo]E ^lojA-H- sflBi^. Alz}-^-g- 

^*>*1 ^°>5L £]7l nfl-g-ofl ^eflo] cgcdofl Sjjtg-^ 7 ] ^ yj-^]^. o]^ pflj^ ^ 



<64> oj^, gj^. t^^^ ^eJ-^l fl -^aHU- A^^jt.^ 

<65> -^.A]ofl 1 

<66> S. 4a vfl^l 51 4l£r ^"^^ <^ AjA^^ -i- ^m-Aj nH^e] i^S] ^ 

SI- ^ S0N0S ^ISEI €3 ^^*V7l fl* ^ ^Stojcf. 

<67> 5L 4a« % V S*>^, ^2^4 ol^-^^l ^33. 7l^(5LAl^^) oy^.) 

A oHl STI ^ ^ N€ ^ ^*Rr ^^(lOl)-g: 

JL, PM0S °3<3 , NM0S ^ ^-g-sq^r alS^l 7] ^-(100)^ ^^^Vcf. 

<68> s_ 4b# %^*>ia, Aj- 7 | 7l]o]E a]- S J.^- (10 2)o] ^Aj^ yj-T^j 71^(100) #<*H 
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(oxvnitride)/ ^U^^HnitrideW^-¥- ^^-(OxideH ^^^^.S. 0 N0 

<69> ojo^, A o V 7 ] ^ c^ofl ^7}]*Rr o.^n^ (£Al ^ o^o.) Aj-ofl «- hV^ ofls.^ 

3flH(130)^ 

<70> o)3f.o\] y ^Ussefl^l^E 5fl€(130)-i- *!-§-<5H 4>7l *Hl3L£efl 

^liS sflU (130)^1 ^Sfl ii#Sl^r -fr^^- *K£.5.*| ^-71 ^^oDu} ^ 7 fl 

*Rr 5fl^(110)-g- O^H, -fr^T* 5f)^(H 0 )^ ^ 40A ^ 

5, v ^ ^ ^-AlT^olEgj-oi^pj- 2fl^(i04a), 40 ifl^l 60A^ ^ ^sj-^v sfl 

H(106a) ^ ^ 50 tfl*l lOOA^l ^ 5fl^i(108a)ol o_S. ^ 

<71> £ 4c!- <*]^ ±I?|^f ^-g-*M #7l ^)li£E|7lAE sfl^-g- ^ 

^ A oM -B-^BV Sfl^ofl o]*fl 71 ^ ^VsJ-Al ^ ^All|olE2]-olE5||- S$ ^A) 

<LS.V] 5.3] <^^^ NM0Sj p M0S E^^^E^oj ^ojE Aj-5j.^-( 102 ) o. t^^-i} ZL^Jl, 
A oM Sfl€(110) ^ TflolM A>5).n|.( 1 02) -g.^ J=*||^ ^l#e)^^^ 

mi20)-g- <£^J15. ^^W. o^H Aj-7] *1U#B^ £1-^(120)^ x\<& ^ 7l Aj- 
^SV(LPCVD) ^*fl ^ 1500AS] Jf^s 

<72> JE^ofl £A]5]Ol o^i=. ^]oV, Aj-71 ^) 1# 5^ 5^ ^( 120) ^Hl ti]-A>« 0 > 

*]«J"§- ^ 700 A ^ ^*fl3. 
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<73> £ 4dl- #7] ^l^B^el^ ^Ml NMOS t^h ^^-(H5a), 

PMOS <£^s] TflojE ^^-(H5a) ^ € ^Ef tIMe ^ (I20b)^ t§ 

<74> <*1°H, ^-!4 p }iHl ^sfl ^#5^ ^ll-I- 5^3^(120) ^ Tlloje 

^^-(102)^ ^^I^S ^ ^zv NMOS ^ PMOS <3 <^H1 ^ ^fl*} 

al, ^ll#^^^^HV 3fl^(i20a)^ TflojE aV^hV 3|)Ei(102a)^: i^Kr ?\) °] — ^ 
(115a) ^ € ^fl^Ka, £fe ^fll^^^el^^ ei (120b)* ^ 

<75> oj^iofl, ^-71 Aizi-P^a.^- ^Tifl ^ ^"71 ^H-el^el^-^- sfl 120a, 120b )-|- 

SH^J _o S *| ^7l ^ll-^^el^^ sfl li( 120a, 120b )^1 S^<H] 7}<3 ^^(^l^H & 
-§-)* <8^^. 

<76> 3E. 4e# #7} TlHE ^q- (115a) a o v 7 ] o.^nV 3^(110)0] ±^<$^ 

^#^7]^ ^lll-^^el^^- ^€(120b)°l <§^£ 7}& ^ s£ 7 ) 3flEi(110)ofl 

*fl#*Rr ^ ^ D Jr* 7l^r ^l2^£e^l^S 3fl^(140)-i- ^ 

<77> °]o]*), ^7} ^ Al^^^ Sfl€(120b)# ^]ZVn>^^^ ^-g-^H 

7} i^frs]^ ^-^nv sjj^o. ^ ^5}ol(Self-align) y o v ^ O-^- ^zv^i-cf. olnfl, ^-71 -fr 
^nv jjfligo. ^. 7l ^i^e^^ui- 3flli(i20b)<H] ^*fl ^#3^ ^ ^rsh^- ^€ ^ 

*H>l*Hr ^Jo] H>^^cf. 
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<78> #71^ ^-o) o.^uv o^^uy^ ^p]*}^ yQlo]^ o]* ( IL^<£ 

# ^^(132a)€- ^ *V oj£-^<y ^- 7 ] O-^nV ^o) o^j=L 

^-o] tijt=^ 71^(100)^ ^Kg; ^3)^ *>7l m^-olcf. 

<79> £^V, # 7 |<4 2flfi* ^^-^-^ aflTj^ *D2°l-fHr ^7} *f|l 

<80> °]^°\), ^7} ^IS^l^liS 2fl€(140) ^ *lll§5^EL)^ ^fl^i(120b)* 

<3 *}^£3.S afll-fi-^ 2fl^(ii0a)^l €^ti*Rr >LKE*11 71^(100)2] 

f>HflS. til^(As)ol-&# 5 10KeV^ oflui^^ ^xol-g-^oi^-g- ^^*lcf. 

<8i> o]sL o]gfl ( av 7 | 3flli(i20bHl ^^fl ^#3^ ^ll-n-^^- 4^ 

(110a)^ <^^4 ^-A>tV gJL, *S.H*» ^ej ^r*]3 ^S^-^* 

^ ±3.^ ^^(132a)ol ojnfl ^1-71 ^ll#B]^el^ sfl^(120b)^l ^l«fl 

^11-8-^1^- 5flH(110a)^ ^ A>S]-ni. 5flEi(i04a)^- ^l^^^H z\)t]^ 

<82> E 4fl- ^S*>^, ofl^i ^e^^-^ o. ^.g.^ # 7 ) ^)2S.^z])7]^B. 3fl^(l40)-S- 

lilT]^ A oM NM0S <8^<H| *fl^Rr *h£*ll 7l^(100) 1 ?M- ?l^r ^l3iMefl^l>i 
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<83> o]o]a] i ^7) NMOS <8<aH $1^ 7]]o]e ^^-(115a)## ^^<y p> iH 

S ^-8-«l-al, #7l «VE*fl 71^(100)^1 °>2flS ^l(P)ol^ 15 vfl^l 25KeV£} oflM 

*1 S?i«HH ^l^^^-g- ^^-0.5.*) 711 o]e ^^"(115a)^ ^^/ 

<3 ^( 132a, 132b) -& *g^^h}. 
< 84 > £ 4gl- oflAi ^E^^-g. 3-g-T5>o} ^1-71 ^3S£e11^^M 3fl^(i50)-g- 

^ ^71 PMOS ^"^Hl *fl#*Rr ti>£^ll 71^(100)^ 71^ ^HiSefl^li 

M 3fl€(160)-g- ^^^cf. 
<85> ojolA-1, ^1-71 PMOS ^^^1 ^3<H 5^ TlMM ^^-(1153)^- °l£r^ *>i£L3. 

#7l HV£^11 71^(100)^1 °>2flS -g-i(B)o]-&* 15 vfl^l 25KeV^l «^1H^ 

*8 ^(132a, 132b )# 

<86> i£ 4h gj 5= 4i# °\)^ ilf^t ^-§-*H ^7l ^l4IE5ll^liE sfl 

H(160)* ^171^ * ^-71^ ^^«cl ^€ 7)^- ^Vofl 01 700 A ^1 

<87> o]o]*] t s£ 7 ] 7l]olE ^]ol^-g. ^Sl^^5l-^.(iA]^l g^g-Hl ^1^1 «J1 ^-§- ^ 

^1-71 PMOS °m ^ NMOS ^21 711 °1M ^i^-(1153,115b)^l 
^(135)7> >^7l >fi ^<*jofl ^Tfl^, ^-t^ ?iE f TflolEcfl sfl^ 

^H-sl^el^^- sfl^(120b)sl >i5)lolAl(i35)7> ^^^^1-. 
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<88> tf 7 ] ^6\)^ s.X\$x] <$7] ^n*}^ (135)9 ^*}7) ^ ^ 

^71 fe^fl 71^(100)31 £^-§r ^}^}7] ^7] 

* ^^*>7l *H n 100A°1 ^1^1 t^-g- c| ^<sRr wv^^. 

<89> £ 4j« #71 PMOS <3^1 sfl^Rr SK£*I| 7] ^-(lOO)tb-i- ^I^Rr 

3fl€(170)# 

oo> o)o]a^ MMOS ^ € <8«H ^^sl 3- isll^Mil- TiHS 

°l^^r^ 4i-$-^/^-5ll (132a/ 132b) ^^ol 7 ] 

o>2flS wl^(AS)o]^-8- 30 tfl^l 4KeV2l ^l^i^lSTi *HH ^I-^^a] ^ 
°1S. <y*fl, ^ajaj ^^4^ ^ LDD^£E«- ^^.^/£Leflo] (134a ,134b) 

°1 ^^^cf. 

<9i> £ 4k ^ £ 41 ■& #^*>^ , olK 1 iS^^jt ^-8-*>^ #7] ^l5I£^|^liE ifl 

^Wt -f ^-71 NM0S ^ H ^ Sfl^Kr #5.^ 7l^r (100)^ ^H^Vfe 

^l6iMefl^l^ ifl^(180)-& 

<92> ololA-1, PMOS ^^l^l^l- 3£W^ TflolE ^(Ii5a)-|- <>l^<g 4^3 

S. ^-8-*VJl, <i«l 4i^.^/=efl<y(132a/132b)^^«l #3E.*ll 71^(100)^1 oj- 

EflS ^(BH^g- 3 ^fl*l 5KeV^l <flu)^2S >fl6^1^^^7l^ ^*8*> 

<93> ols. S^4°d LDD^-S* ^ ^J^i/JEL^ (134a, 134b H 
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t^S^I SSZL^S] H -§:-!: li^t <3^* 

^ s)7l nfl^oH ceflo] cgcdofl Sfl^-^^ 7}&£. ^ *V ^ olo] 
I" a o^l ^ ^ 

<96> ^is)- ul-sq. ^-ol, i^cq ^ ^ *V £ *1 *fl # 7l # 

£-0)0} ^<$Z}^ *}7)°\ ^ ^^ofl 7]?%Q A ^ c^cdo. 
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1] 

(a) 71^- Aj-ofl ONO^Sl- -H-^^ jflfi-g- <g^*H^ #711; 

(b) #71 71^ ^-7] -fr^ sflBi^ ^*Kr ^l#sl^ v ^*Rr # 

(d) ^-71 ^12#^bv sflBiofl i^#£l^ >S-7l -8-^b> ^SKr #31; ^ 

(e) #71 ^121-51 sfl€^- ^l^°g 4i3S 3-§-*H 71^ o}HfiS. 

4l7>^ ^^ y o V ^. 

2] 

*lll*<Hl &<>H, AJ-71 -fr*^ 3fl^^ tf 7 ] 7]t #ofl ^ , ^ * *fl^ eg 

^ A ^V7l ^ °l^<y °1^M1 3^- ^-^^.S. 1- 

3] 

^ll*oHl Si<H^, #71 -ft-^nV sfl 

#71 7]& #ofl 20 ifl^l 100 A ^ ^ ^ AVsf^o. ^ ^ ^ 

#7] s}-^ ^2K V A <H 20 vfl^l 100 A ^ ^11^5}-^ ^*Rr #31; 
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#7l *fll*J3^ #°fl 20 vfl^l lOOA^l ^Ml* 
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# J ! L #s^# *8#*Hr ^-Tfl; 



#7l ^^^^ofl S]^ #JjL #3^, 41^.^ ^ ^ #5|-^ 

*)SL3- +\^}^ £31* S.^}^ ^^o S ^ 1- Dj£2] ^>oj 

4] 

»U1M 5a°1^, #7l -B-^BV #71 -fj-^Bj- SflBH ^tsfl ^#£1 

*r 71^ #2}-^ Tllol Al-sJ-nV^. ig^^ c^js 3 *}^r 

# fl^ ^lS.e) ^>S1 ^ 

5] 

* #sH ?i ^ d1 ^ ^^sls, i- ^l-ael r^f^ 

[^^^ 6] 

^1#°11 Sa<H*l, #7l 3fl^d^ ^z}-£. #71 <£eK} ^z^^^o] J1) ^-71 

-f}-3l^ sfl^d^ ^#^1 cgcd-g- ^z}-^ ^-g- ^ -g. 
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§>fe 1- fl^Mg nfla.^ 
[^T 1 * 8] 

#7] ^-ofl ^]o}^-g- ^Tfll- #5.^. <g^^ o.S 3^*Hr 

#31; 

^0^7}- ^l2l-£)^- °l£r^ ^-g-^H S 

^ ^>sflS ^] 2 o]^^oi^.o_ s _^ LDD^-Sl- ^ eflo] cg^o. ^^^> 

5L^S}^ ?A^r ^ # nflssl ^7}o] 

9] 

5^ °l^ 0 J*Rr ^2ol^oi 20 U<\x\ 50 KeV2] ^ 

^lM^a^ csHH 5^ °l£r^*Rr ^ ji.^ O.JL 3^ nfls.£) 
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[3^* 10] 

^1%H1 SI*]*] , #7) (e)#3l«- # nflS-Bl i^b 

^# ^ SONOS 5E^r M0N0S ^lS.s] H<y ^ ^HJ-°S 1- 3^ nflJE. 

11] 

(b) ^71 -fr^Bj- sfli^H ^Sfl ^#5)^7 71^ ^^l7l^ &7\]] 

(c) ^7l 7m ^Hl #7} -fi-^ Sfl^^- ?^Kr ^l^eV 5fl^^ ig^Rr <3>4|; 

(d) ^"71 ^l^^BV Sfl^^- ^l^Z^O.^.*) A o V 7 l o.^nV ^Ej^ ^<$<X o. ^ 

(e) -*7l *l|2#iM^ 3fl €°fl ^*fl ^#s)tt ^-71 sfl^# ^12^^^-o.S^ 

(f) #7l ^l2#e|Bi- sfl^o. oj^oi vy^Ei^. ^-g-*><^ <#7] ^li-B-^i^- n^.o] 

€^fl*Rr 71^; ^ ^>7l ^12^21^1- 2H ^ oil 3 sfl ^#2} 7^^ ^ o^^. ^ 1 

(h) #71 ol^^ n}>i£ELS. ^-g-^H A oM <^lal i^^/^Efl-y <^^ol 

^€ 7)^3 ^ ol-sfls ^}2o)^ ^f-o_3.*| ^^4^3 LDD ^2: 
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12] 

*Hil3MI 5U<>H, A cM -B-^ev sflBi^ ^-71 71^- ^H) ^-g-el 18 ^ *fl\i 

<^-§- ^^^>7l <>l-&^ ^-i: ^<8* °1^M1 ^sItt ^8 £.3. ^ 1- 

3^ "11-2-3 i*}^ ^^U"^. 
[^T 1 * 13] 

A o V 7l 7)^- #ofl 20 ifl^l 100 A Si ¥^1* 5Hr ^ ^ ^ ^ &7\}; 

A oM ^ #5}-^ ^Ml 20 vfl^l 100 A^ ^i^^j-^ ^^*>^ ^^1; 

^7} ^U^^ ^Hl 20 tfl*i iooa^ ^11- ^ ^aj-sj-i- ^*Rr #31; 
-8*Rr #t11; £ 

3°-^ ^z}-SRr ^-741$ 5E**Rr ^ -HHJilS 1: fl^ ^lS-el ^ ^ «v 

14] 

^ ^V^-Al 7) ^ cj74l» 3 i**>^ ^-§- ^lO S ^ «- nils. e] ^ 
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15] 

y o V *l*Kr ^ ^ ^^SLS. # nfls.^ ^>o^ 

[3^8" 16] 

nflSE] tg^U^. 
17] 

*)UllHl 5a°H, ^liol^^oj 3 vfl^ i5KeV^ ^ oflHxls^i 

A i 5^r °]-& ^*Kr #71 ^2o]^<y ^ 20 50 KeV^l ig- 

s] i*}^ 

18] 

*flll*cHl &<>H, ^"71 (h)^Tjll- ^3^r 1- ^7f^ 

^P-S» S0N0S 5E±r M0N0S "llSLE} Htl ^ ^ 1- nfla. 
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